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Abstract. To investigate the effect of light sources on the growth and photosynthesis of the dwarf apple rootstock
M.9 for the production of standard seedlings, the plants were cultivated in a controlled environment for 6 weeks. The
sources of light are six treatments [Red (R), Blue (B), White (W), RBUV (R7B3 containing UV-A), RBW
(R3B1W1), SMF (high pressure sodium + metal halide + fluorescent lamp) under 154umol'm>s™. Growth charac-
teristics of apple seedlings varied depending on artificial light source at 3 weeks and 6 weeks. The plant height of
apple seedling was high in the R, RBUV, RBW, and SMF light sources at 3 weeks, and in the R light at 6 weeks.
There was no significant difference on stem diameter among the treatments at 3 weeks, but showed high in RBUV
and RBW light at 6 weeks. Leaf number was the highest in RBUV light at 3 and 6 weeks. The chlorophyll content
(SPAD value) was high in the B and RBUV light at 3 weeks, but it was not significant at 6 weeks. The growth rate to
height of the R light (1.12mm/day) was the highest among the treatments, followed by RBUV, RBW, SMF, W and
then B. Leaf area was the highest in RBUV and RBW lowest in B. Specific leaf area was high in W and fresh and
dry weight were high in RBUV. The photosynthetic rate at 6 weeks was highest in the B and lowest in the R. Stoma-
tal conductivity and transpiration rate were higher in the B and W compared to the other light sources. Therefore, we
are considered that light sources for growth of dwarf apple rootstock M.9 seedlings are suitable the R, RBUYV, and
RBW light sources with a high mixing ratio of Red and Red +Blue.
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Z281 55 o8 FHSH AaEHe Ass), Y
3Pt 7Fsd WAloE AR, SR TelA AHFe
2 o]FoR1 Yot §H F HAE 9F 2= 2
B3 BA, Al 87 291, Z¥a A 3 2L 87
A7), FES =g s, ARl #AY] Fol FF A=
dHA Aot ool Mg FE, A5 T2 FE =X
FFAe oEslar Qo] B AMS 93 9 Ed
o] 74, HJE, AlHl #E] 9% T 4YH Z-gol g
gt FASH Alxdo] SER] X3k Agolnt,

ARPRS] Ale tiET HE 559 343 54360
FFS wrom, A4 U] AulellA tiEe] oJgk U
7] 2L IRHAT g 2] 7 gRE g
AEst WhHo R FUF 49 Aol AFF aAvt 4§
UK Gjamovski®}t Kiprijanovski, 2011). = SjAthEo 2
© M9 thiES @o] o]83fal lom, tiEe 2Ho==
AR @1, vt Hal #or, A% vl £
U= AR HAO] 30cm ol Fruojof gt 1L}
=] AP =Zgoldl] wt ue] Asa A 5
o] g F Qo] FEol Wt thEH(Kwon 5, 2016),
21500 a5H HRAe M26 thEe] =EZo)r} dojHe
] ZHAsitiar ¥ e vl )tiHong Chun, 2008).

3 FHFAAKSVS, 2017) ) HE {EEo
30~60%7F Blol# o] 7AE Fo= FPo] FHE
A, FEEdsiE A A AAE sk flsl FH
B FFES 20208390 30%, 2025300= 80% Sist
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< ol83stq AR dduiEe] X SEFYYA BE
AgHoz I3ty g 7IZA8E At SISTh
=, 78 438k Sl 71 ik
A T 34 2308 Fysi] 5 AL
sksh7] AAgtolnt.

o] 38401 BA%, B4, FFVIe AE sy I
o IR B o} e FaF duRdeR
Z2F8-S TK(Taiz®} Zeiger, 1991). 53] Bdzt Bs}
o aF, F T ANE JFENE AnlE F
ik 9 LED Ax7iee] @y giEo] Be dqt
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BE IMEGEER2} HAIolE= 82, vw)E =¥
327 Z#1 EFo](53.8x25.0x6.2cm)ell ©]Alsk 677k
25yt 2EEE A AR S42-d4(W3.3m
xL3.6mxH2.5m)oll A Ajul&lsiet. FHe AE olo]A g
] ekl (N-P-K-Ca-Mg=13.1-3.5-5.0-7.0-2.0me-L 'y
AMgEte] AE] 3FMAE EC 0.8dSm'E 13)/4, AP
4~67= EC 1.2dSm’'Z 23]/ 3] 52 uizlx]
AAPFEATL, YA Fe S5EE T3S sk

Pz L FYE A (WISE, WISE Sensing, Inc.
Koreays A5l 158 1FPAS=E =4 AAsiHor,
Z2AE 25 239+0.6°C, % 60.142.1%, COEEE=
490.9+47.2mg' L2 FAETE AEdd] ZAE e B
(PPFD)2 154.6+3.7umol'm?s'S2 FU O ZHE 25cm
olgjel] F#1 Eols AXsIer, B 16213, &

7] 8AIZY B kit

2. 3EA X2

LED 133U (ZVAS, Ad8stold, Koreay> 21&E Al
HIZH 120em(L)x45ecm(W)lell 670 Bhbary’t AX|= A0,
Fhoze= AEANNE LED HN(R), M (B), B4 (W)
T WA 3T T 3%S ARSSISITE. UV-AZ(UY)
¥ R+B £3% RBUVE2 17H2] LED ul] R:B <]
Hlgo] 7:3 HIEQ B el UveS vl 71ske
2EAu el AxstH o™, RBW32 17} LED Hpel
R:B:W Fo] 3:1:1 ¥I&= XAt T A=A
A 2719 AU EF (High pressure sodium lamp,
S), le] vEdele]=5(Metalhalide lamp, M)°| A2%]
HJa ol ¥F-5(Florescent lamp, F)o] AX]E o]
=3t SMF 3oz F exlglsint. Jdd 3 29
E B¥= Fu¥ % SAMI(BLACK-Comet C-50,
StellarNet Inc., USA)Z 300~800nm HHE 1nm 7H4
o5 AEA] YRNA St o vlES A=t
ATH(Fig. 1, Table 1).

3. =AH &5

AFFY A 5ol 2%, BARARE lem Ul9)),
A, AE24 FKSPAD, SPAD-502, Minolta, Japanys
;g]_g'_ HT, H999- 7o, HUT,

9&_,'1’ 6—,2‘01]—‘5 _7::;8-’ 576], 2= A2 sHE IHZA
HAZE, WAl 2 5SS ARIH. g8 Area
meter(Li-3100C, LI-COR, USA)Z, HIFWZS Jquz/AY
Azoz A3, AATS HAAAZ(CUWA20HX,
CAS corporation, Koreays AME3l9oH, HETES
70°C & AZ7)(OF-22GW, JEIO TECH, Korea)ollA]
4807 X & AxTEHS SN 8 58
2] 6ol Flg 33 =7971(Li-6400XT, LI-COR,

USA)E FHE, 7ledete, Sihe 3 9lo] 5715t
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Fig. 1. Spectral distribution of the red light (R), the blue light (B),
the white light (W), the red and blue light with supplemental
UV-A (RBUYV), the mixed red, blue and white (RBW) and the
florescent with high pressure sodium and metal halide lamp
(SMF). Spectra were recorded at the height of plant canopy
with a spectroradiometer.
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Aol mAE 4%
A2 ST B B4 S8 S 2 &3

x1e 3 lSOpmol'm'z's" CO, 400mgL’, flow

meter 400m-s”!, G 25°Co|AT}.

4. SHXz|

AY 3, A 24, B4, 97, 9548 e A=
THE 129K SAs3lem, *M%, AES, HIEE, o
WHL HHESIYE. BAEAIS SAS  package(statistical
analysis system, version 9.4, SAS Institute Inc.)& ©]-&
3} ANOVA(analysis of variance) #2433 AAISIHS

W foeE

0.05914]  Duncan’s multiple range
testtDMRT)E AA3FAT}.
Z7 3 oa

Vel 24 shaThd ngE duud, Uva 39

9] A9 RBUV FUANAE 0.9%, SMF FLE 2.1%=,
Uruix] AN M+= 0.1~0.3%= YEFH W, Blue G

B B1olM 982%F 7FF EkO™, Green FYL W
0101]/‘1 51.7%, SMF 3elA 557%2 E3kom,
Red B9e R BolA 99.0%7} E=kch(Table 1). E3F
#9121 W, RBUV, RBW, SMF 3¢Jol|4] Blue:Red H1&

Table 1. Spectral data of various light sources used in this experiment. Spectra data were recorded at the height of plant canopy with a

spectroradiometer.
Parameter Light source”
R W RBUV RBW SMF
Photon flux (umol-m2-s)

Total 1574 152.7 152.2 157.3 158.2 171.9

UV-A (315-400nm) 0.1 0.5 0.1 1.4 0.2 35

Blue (400-500nm) 0.1 149.9 37.5 72.0 55.6 25.0

Green (500-600nm) 0.3 1.2 78.7 0.7 24.8 95.7

Red (600-700nm) 155.8 0.5 32.6 83.0 76.4 37.6

Far-red (700-800nm) 1.1 0.6 3.4 0.2 1.3 10.1

PPFD (400-700nm) 156.2 151.6 148.7 155.8 156.8 158.4

Fraction (%)

Total 100% 100% 100% 100% 100% 100%

UV-A (315-400nm) 0.1 0.3 0.1 0.9 0.1 2.1

Blue (400-500nm) 0.1 98.2 24.6 45.8 35.1 14.5

Green (500-600nm) 0.2 0.8 51.7 0.5 15.7 55.7

Red (600-700nm) 99.0 0.3 214 52.7 48.3 21.9

Far-red (700-800nm) 0.7 0.4 22 0.2 0.8 5.9

PPFD (400-700nm) 99.2 99.3 97.7 99.0 99.1 92.1
Red/Far-red ratio 142.7 0.8 9.6 335.0 58.6 3.7

“See the Fig. 1.
AIMRO-AESE, M273 M4S 20184 343
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Fig. 2. Growth characteristics and chlorophyll content (SPAD value) of apple rootstock M.9 seedling as affected by light sources for the
three and six weeks. Apple rootstock M.9 were acclimatized for 4 weeks after tissue culture propagated. Data represent means and stan-
dard error (n=12). Means with different letters are significantly differences by Duncan’s multiple rage test (DMRT) (P<0.05).

£ 1.15(W), 0.87(RBUV), 0.73(RBW), 0.66(SMF):1&
zlolE Hom, Farred 992 SMF 34 5.9%Z 7}
ol Fdd wE BEEo] ol YERH. °lE
F3t3le] & w] 400~700nme] PPFD #¥8©°] LED ©
£ 2 EEAol M= 97.7%(W)~99.3%(B)S LIERHA HE

W, SMF 39 902.1%% Aoz vgit),
oot ‘?_]%— oA AlHE MIBES 6577t AHiE)
S o S ST G5 TS S A9 Fig. 2),

3FA 2SR, RBUV, RBW, SMF 3ojlA =tar,
B} W golA] Hkont 677 2782 R FHollA 7t
 =Skor, B BollA 7P Witk BAL 35
A2l 7+ A7t glley, 67/= RBUV, RBW 3¢
oAl =4ar, BF W BlellA Yol e A 7)7ko]
A0S W A2l 2 zelE BAAth de 379 64
E5 RBUV FolA 7FF ©B9kar, B FolA 73
goit} ¢4 3k SPAD e 3FAle B uE
zZlolE Hed Be} RBUV ZollA =9koy 674l= =t
o7} SIStk 2L 7o =E U FY A T A

AL R OFYAM  LI2mm/dayE 7P wgkom,
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Fig. 3. Growth rate to height of apple rootstock M.9 seedling as
affected by light sources for the 6 weeks. Apple rootstock M.9
were acclimatized for 4 weeks after tissue culture propagated.
Data represent means and standard error (n=12). Means with
different letters are significantly differences by Duncan’s multi-
ple rage test (DMRT) (P<0.05).
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Fig. 4. Growth of apple rootstock M.9 seedling as affected by light sources for the 6 weeks.

Table 2. Growth characteristics of apple rootstock M.9 seedling affected by light sources for the 6 weeks. Apple rootstock M.9 were
acclimatized for 4 weeks after tissue culture propagated.

Light source Leaf azrea SI;AY_I Fresh w. (g/plant) S/R ratio Dry wt. (g/plant)
(cm?) (em™g7) Shoot (S) root (R) Shoot root
R 119.4 ab” 37.1¢ 3.22 ab 0.89 ab 3.82 1.04 ab 0.15 ab
B 60.6 b 36.5¢ 1.66 ¢ 0.47b 3.32 0.51b 0.08 b
w 120.5 ab 51.7a 2.33 be 0.56 b 4.36 0.68 be 0.10 ab
RBUV 162.1a 415D 391 a 1.10a 3.68 125a 0.18a
RBW 1313 a 425b 3.09 abc 0.85 ab 4.04 1.00 abc 0.14 ab
SMF 107.8 ab 413D 2.61 abc 0.78 ab 3.42 0.86 abc 0.16 ab

“Mean separation within columns by Duncan’s multiple range test, 5% level (n=4)
YSpecific leaf area

Atk AAFTE 7ESE ¢ SRHlE W BollA =%k B 2 7k R BoA oy g4¥de RB 9
THTable 2, Fig. 4). ol A7 Fpg JY vl&o] Aozt & HIERE i@% RBUV(98.5%),
T2 Q333 Aol weh R FYS A 24 5 RBW(83.4%) AHFolA =2 A¢S RN, Al B
7te} e BIgHAS, B B9 A, 45t 4 2ol A% B B9 A EE EH AoE UE
HZ o] ”ﬁkﬁ} ?M RBUV 9 454 3, 95 Wk 138y E70(Choi 5, 2003)9F 32ZE]7K(Lee 5,
2 AAeH dEFe] P =& 5AS %E‘r olg]  2012) B o] B FA I/t Ade £
st A= %ﬁ AA Qo] A oA, AT B AdE AT gt FE g AE AS e UES
T Ao} G54 o] IRtk A Adet 2 FERIF 4 Sth X 67 Al R FellA Al
UTHKang S, 2016; Kim 3} Lee, 2016; Kim %, B A9 =yl FEsiyon, B4, g9 2 AAE
2017; Son &, 2012, 2016). T3t oMAlEY, ol=el7l  F7F= RBUV %'%01] Hlg)] e 752?& HA
mjglZe, Aol = R FHhollH 2F ZdojHa,  RBUV BUL B 39 9st R 93 go] #dsA
A Aol7h IANE, JHAe R+B FolA 7 BEIEA UV-A 990] 0.9% HIES B oM, Red
4 Aolfth(Heo &, 2009y= 7~ 23e} Zo] Al Farred HI7} R FUETH Fidos w4 Fow

(o}
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Table 3. Photosynthesis rate (Ps), stomatal conductance (SC), transpiration rate (Tr) and VpdL (leaf to air vapor pressure difference) of
leaves of apple rootstock M.9 seedling affected by light sources for the 6 weeks. Apple rootstock M.9 were acclimatized for 4 weeks
after tissue culture propagated.

Ps SC Tr VpdL
Light source
(umol-COy;m™s™) (mol-H,0'm™2s™") (mol-H,0'm™2s™") (mol-H,0'm™>s™")

R 11.9v* 0.02b 0.69 b 3.12a

B 128 a 0.06 a 1.72 a 2.89¢

W 12.3 ab 0.06 a 1.75 a 290 ¢
RBUV 12.4 ab 0.03b 1.04 b 2.98 be
RBW 12.6 ab 0.04b 1.11b 3.04 ab

SMF 12.0 ab 0.03b 0.80b 3.10a

“Mean separation within columns by Duncan’s multiple range test, 5% level

Al B AFelE R @AF9RTRE RBR BlIgo] 73 2 AAFo] & S HYow, RBUV FolA =}
o7 E3E Fdel UV-A 3Pde] 71 RBUV 9 & Al oiFe] AAIFo] RBW 3 Ajrrt =8ttt
o] &S Ao g HZHETHTable 1). (Fig. 2, Table 3). &L} ZABHTE =238 HEo] =
B9Hd 9% Blue, Green, Reb 23 W, RBUV,  SId W elsh SMF 339l Agje] =248 &2 22
RBW, SMF 3¢l Zj2lolMe] 654 A58 wlus) B, 51.7%, 557%= ol Aelxe] AAF2 RBUY,
RBUVS} RBW 3 AEjollx] 24, B4, 7, 992, RBW R}t 7438l RGB, 54 335, 33500
AWAF 2 AEZFo] Wk SMF 3 AET =2 74 A 2847 AFE AMSIES W gWdY dESe] 7
FE B o= Blue?t Redd] AF] vHlEHO= 2 Atk B39t Z2YTHKim 5, 2004).
2] Blue®} Red HlF©| il Green HIF©o] W& A A4 FFES B FHoAN 7 =9k, R
RBUVS} RBW #F2ollA 5o 384L 4 leelet Bdox wgton, B W 3 7eHEE9 S4
AZtE) sk HIgHEAS W FdelM P 2 FHd 2 =2 v 9] FUIMRRE WSktH(Table 3). PR
(Table 2). o]= Fso XEge ZFde HlEo]  (420~480nm)y> HIUPHAQ] A =3 F3, 7] 4
50%=A APelA o] s f=shiA vIgsS A A, 7E €9, §5A 25 Sl e o=
ZAaNA AE A9 FHFFS FEslguRE Son?t Oh (Taiz®} Zeiger, 1991), B 39 x2le R 349 22wtk
(0159} 22 Ao}, B A3e] SMF FYe  AEY FAHEo] mghor, o Fo] it ¢
Green H]Eo] 55.7%2 HSole HIGHAAL Yol 33 RB, RGB FUHT} =45390] Ahzoz 86%= e}
Lol ot S A} Fol| th=A W3 W ZAFFGA At ] P3P Wkl Kim
o|9} o] ZAF(500~600nm)y> AP} Ao 52004 Hugor), B A= S HlEo]
13 =2 W e F58=E FRMdold B3 =UW W FhaAe F3PY e FEiEkA] %ot o

T

e A% dyAdess HEFAY AR A4E = TR B9 sl Aed FF0l mE S ks
SAChJohnkan &, 2012). vt Wagele] ¥3he = & o B aazie] 2os vR Bxdle] te
A e AP QA vl ASA R B2 UERE 4 vl ETKKim 5, 2004).

W F5&o] 9 uAE FHthe B FHEE <5 B 488 400~700nm PPFD 3L 154.6umolm™s
Pt e GEA FEeEA Al AFAL = o2 mgste] Bl o’ T wijg Al M9 He
ATkl Terashima 5(2009) R st =3k Mzt 24, O, 95 5 A5 548 2ABRoY 3
Jajo] E9te Aol =4 Fdo] EFHJS W AF Y7 EXE W, RBUV, RBW, SMF FolAe] A
of A g, 23 driiEe] ARl 2787 &3k & Wk A ol Belsiirk ole Ve AAEE
g = 7 don, A4, 54, g0 Higed wet S dides AvE ZAaRg siel ofglgo] Wol g
FZo] 2 & kAl Sondt Oh(2015)9] A7k 2 A7 A=e] AR ks 27 FRE 7S I8N
o] £ AT Haug, Hauge] EFE =] vl = ek SHF SAl oA ™t vkse A
go] A} AS APl FFE F= Aoz veth A B3 2 Fd HlgY] 9IS FHEle A =¥
R FUETH RBUV 39 Als B4, 5, 3948 © JdgHolof & ez £}
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met zolE Btk AR B 2Fo| 3Fole R,
RBUV, RBW, SMF Fol|A =Qkor}, 65<l= R %
oA =0}, BALS 3574 A 1 Ael7t fIle
1w}, 67R= RBUV, RBW Zol|A =3kor, 4+ 3
9} 67 E5F RBUV FelA 78 Bt g5 &
2 SPAD S 3534= BS RBUV 33 3lollA
=Shou 6 7Rle Atol7t JIRlth 24 TR F
Fd A7 T AFES R B 1.12mm/dayZ
74 wgkow] RBUV 33%(0.95mm/day), RBW 3
(0.86mm/day), SMF 3 (0.76mm/day), W F<
(0.69mm/day), B 3 (0.44mm/day) <= ©|tk. FHEH
< RBUV, RBW Z9olA 9131, B FhoA] wgko
), BEHEES W Bl =kon, AAFTH HEF
< RBUV 33X =itk Ag] 677 FH8E2 B
FollA 7Y =%om, R Bl Wkar, VedE
=9} S2RES BO} W EIolA =T

webA sk 7 el AR MBS 24, HA
A, AT 5 ASES AsiKe B 99l R
R+B7} £3Hl&°] =W R, RBUV, RBW Zgo] &
a3t

-

M

)

F7F FAO: AeE, B4, A, g, 280 A
ia-a

At A
B ANES FYFNERY AR FYNE/NE
7185719 ARl AL o} A

A2(C1013132-01).
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